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Abbreviations 

ACH: Achromatopsia   

Ad: autosomal dominant  

ALMS: Alström syndrome 

AR: autosomal recessive  

BBS: Bardet-Biedl syndrome 

BCVA: best-corrected visual acuity 

ERG: Electroretinography 

CORDs: Cone- Rod dystrophies  

CSNB: Congenital Stationary Night Blindness  

EORD: early-onset retinal dystrophy 

FA: fundus albipunctatus 

FAF: fundus autofluorescence 

HM: hand motion 

IRDs: inherited retinal dystrophies 

JNCL:  juvenile neuronal ceroid-lipofuscins 

JS: Joubert syndrome 

LCA:  Leber congenital amaurosis 

MPS: Mucopolysaccharidosis 

LP: light perception 

NB: night blindness 

OCT: Optical coherence tomography 

OMIM: Online Mendelian Inheritance in Man 

ONL: Outer nuclear layer 

OPL: Outer plexiform layer 



 

 6 

OS: Outer segment (of the photoreceptor) 

PSP: pseudophacic 

PR:  photoreceptor 

RP: Retinitis pigmentosa 

RPE: Retinal pigment epithelium 

STGD: Stargardt disease 

USH: Usher syndrome 

XLRS: X-linked retinoschisis  

VA: visual acuity 

VF: visual field 
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1. Introduction  

Inherited retinal dystrophies (IRDs) refer to uncommon eye diseases that are due to 

inherited gene mutations. They can cause vision loss and blindness. There are many 

types of IRDs, with diverse symptoms and varied inheritance, which affect around 2 

million people worldwide (incidence 1 in 3000) and may be present from birth or occur  

later in life (Bessant 2001). The patients have various symptoms, including night 

blindness, visual field defects, color vision loss, contrast sensitivity disturbances and 

loss of visual acuity. 

The genetics of retinal dystrophies and stationary dysfunction syndromes has been the 

subject of much research over the past decade and over 270 responsible genes have been 

identified [http://www.sph.uth.tmc.edu/RetNet/]. The majority of dystrophies are 

inherited, but some patients carry a new allelic variant which will then be inherited by 

their children. All modes of inheritance occur in IRDs: autosomal recessive, autosomal 

dominant and X-linked as well as a few cases caused by mitochondrial DNA. Because 

of their heterogenous nature, classiýcation of IRD can be difficult (Bird 1995).  

Retinal dystrophies can be categorized by the subtype of cell that is predominantly 

affected e.g. in rod-cone dystrophies (such as retinitis pigmentosa), the rod 

photoreceptor is affected primarily more than the cone, whilst with macular, cone, or 

cone-rod dystrophies the opposite is true (Henderson 2020). This also holds true for 

central retinal dystrophies and progressive generalized dystrophies where solely the 

macula is involved. Additionally, IRDs can be categorized according to the locus of the 

disease (e.g., photoreceptors, retinal pigment epithelium or choroid), and also whether 

they are stationary, i.e., non-progressive or progressive. Further classification of IRDs is 

according to the main receptor-type affected: e.g., congenital stationary night blindness 

(CSNB) is a stationary rod dystrophy with a normal fundus whereas fundus 

albipunctatus and Oguchi diseases both have an abnormal fundus; achromatopsia 

(ACH) is a stationary cone dystrophy. 

An additional factor for the classification of progressive IRDs is the age of onset of the 

dystrophy; some dystrophies are manifest at birth, some in early childhood and others in 

middle age.  
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In early childhood it may be present in Leberôs congenital amaurosis (LCA), 

achromatopsia (ACH) or congenital stationary night blindness (CSNB). In early 

childhood it can occur in juvenile onset retinitis pigmentosa (RP) or juvenile X-linked 

retinoschisis. However, juvenile macular dystrophy (Morbus Stargardt) and vitelliform 

macular dystrophy (Best disease) are the most common macular dystrophies in this age 

group. Although cone-rod dystrophies or rod-cone dystrophies may occur during early 

childhood and in the teens, it can also occur later in life as later or late onset forms.  

Choroidal dystrophies (choroideremia, gyrate atrophy, Bietti crystalline dystrophy, etc.) 

are to be considered in a differential diagnosis for progressive retinal dystrophy. 

IRDs can occur as isolated dystrophies (non-syndromic) where the disorder is confined 

to the eye or as syndromic dystrophies, where the disease also affects other tissues and 

parts of the body.  

 

1.1 Non-Syndromic retinal dystrophies 

Retinitis pigmentosa (RP) 

Retinitis pigmentosa (OMIM #268000)  is the most common retinal dystrophy and most 

mutations affect rods selectively (Francis 2006). Its prevalence is approximately 1:4000 

depending on the geographic location worldwide (Verbakel et al. 2018). Patients suffer 

from night blindness, visual field constriction, a reduction in visual acuity and retinal 

pigmentation from bone-spicules. RP is genetically heterogeneous with sporadic 

(simplex), autosomal dominant, autosomal recessive or X-linked forms. Over 130 gene 

mutations have been found, that are related to non-syndromic or syndromic RP (RetNet 

ï Retinal Information Network, https: //sph.uth.edu/retnet/home.htm. 2019). In most 

cases, the RP symptoms only involve loss of vision, classified as non-syndromic 

RP. The inherited patterns of non-syndromic RP include autosomal recessive (50ï60%), 

autosomal dominant (30ï40%), and X-linked (5ï15%) (see www.rarediseases.org). 

Most retinitis pigmentosa mutations affect rods selectively.  
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Cone-rod dystrophies (CORDs)  

As with RP, CORDs (OMIM # 120970) are genetically heterogeneous with a 

prevalence of around 1:40,000.  The first clinical symptoms are impairment of vision, 

color vision anomalies, visual ýeld loss and a variable degree of nystagmus and 

photophobia followed later by night blindness. Disorders of cone function can be 

usefully divided into stationary (cone dysfunction syndromes) and progressive disorders 

(cone and coneïrod dystrophies) (Michaelides 2004), and can be inherited as autosomal 

recessive (60-70%), autosomal dominant (20-30%) or X-linked recessive traits (5% ) 

(Michaelides et al. 2006). Mutations in 32 genes have been described to date (Gill et al. 

2019). Generally, CORDs are isolated diseases (non-syndromic), although they are 

present in a few syndromes, e.g., spinocerebellar ataxia type 7 (SCA7) and Alström 

syndrome. 

Juvenile macular dystrophy (Stargardt disease STGD) 

STGD is the most common form of inherited macular dystrophy with a prevalence  of 

about 1:10,000 (Sahel, Marazova & Audo 2015). The disease is characterized by foveal 

atrophy and yellow fish tail like pisciform þecks in the RPE in the macula during the 

first or second decade of life which results in a loss of central vision. This is due to the 

accumulation of di-retinoid-pyridinium-ethanolamine, a dimer of vitamin A and 

component of lipofuscin. The patients are classified into 3 groups depending on 

scotopic and photopic measures in the ERG (Lois 2001). Stargardt and fundus 

þavimaculatus are due to the same genetic disorder - a recessive defect in the ABCA4 

gene (Allikmets et al. 1997).  

X-linked retinoschisis (XLRS) 

XLRS (OMIM #312700) is a major determinant of hereditary juvenile macular 

degeneration in males, which causes serious vision impairment. The disorder is due to 

mutations in the RS1 gene which is located on Xp22 and it is manifest as a vitreoretinal 

disorder with schisis (splitting) of the neural retina in a spoke-wheel pattern.  It causes  

a low visual acuity from the first decade of life in men (Molday, Kellner & Weber 

2012). Worldwide the incidence is estimated to be between 1/5,000 and 1/20,000 

(George et al. 1995). The clinical diagnosis of XLRS is based on fundus examination, 
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ERG ýndings of an electronegative waveform to the dark-adapted maximal response, 

the typical cystic changes on OCT.  

Congenital stationary night blindness (CSNB) 

CSNB causes lifelong night blindness. It is non-progressive. The disease is mostly 

inherited as an X-linked recessive trait (complete (OMIM #310500) and incomplete 

forms (OMIM #300071) but can also have autosomal recessive and rarely autosomal 

dominant inheritance (OMIM #610445, OMIM #163500). It can be divided into two 

groups :1) SchubertïBornschein type (complete and incomplete) usually presents with 

congenital nystagmus, decreased visual acuity, and myopia, 2) Riggs-type usually has 

normal visual acuity and does not exhibit nystagmus (Boycott et al. 1998, Haim 

2009).The dominant form of CSNB is also known as the Nougaret type, and is similar 

to the Riggs type (Dryja et al. 1996, Sancho-Pelluz et al. 2008). 

Fundus albipunctatus (FA) 

FA is an autosomal recessive disorder which is a type of CSNB. The fundus shows 

small, white spots in the mid-peripheral area that can also spread past the arcades to the 

macula. They correspond with the hyper reflective deposits in the RPE. In older 

patients, FA can additionally be present along with macular involvement, which may 

indicate that there is a progressive loss of macular or cone function rather than a 

stationary disease (Katagiri et al. 2020, Kuehlewein et al. 2017). FA is caused by a 

mutation in the RDH5 gene (OMIM *601617), which encodes 11-cis retinol 

dehydrogenase, a major enzyme in the visual cycle (Yamamoto et al. 1999).  

Achromatopsia 

Achromatopsia is also known as rod monochromacy or total color blindness, It is a 

congenital disease and is estimated to be afflict 1:30,000 individuals (Michaelides 

2004).  Inheritance is  an autosomal recessive or X-linked disorder which affects the 

cone photoreceptors and is associated with an inability to distinguish colors, a severely 

impaired visual acuity, photophobia, and nystagmus. Five genes are known (autosomal 

recessive ): CNGA3, CNGB3, GNAT2, ATF6, PDE6C, and PDE6H (Kohl et al. 2012, 

Wissinger et al. 2001). The clinical manifestations occur early in infancy, and the 

disease course is usually non-or slowly progressive.  
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Achromatopsia can be classified into complete and incomplete forms. 

Complete achromatopsia: The patients usually present in infancy with nystagmus and 

marked photophobia; the nystagmus is often rapid and of low amplitude and may 

improve with age. There is usually a hyperopic refractive error and fundus examination 

is normal. The visual acuity is usually around the level of 20/200, with vision  better in 

dim illumination (Thiadens et al. 2010).  

Incomplete achromatopsia: This presents in a similar way to complete achromatopsia, 

but there is evidence of residual cone function. The best corrected visual acuity is better 

between 20/80 and 20/120 with some residual color vision. 

Leber congenital amaurosis (LCA) 

Leber congenital amaurosis (LCA) are a group of retinal dystrophies where retinal 

function is absent or severely abnormal from birth. It is the most common inherited 

cause of visual impairment in children and can present with blindness at birth or early 

infancy.  Nystagmus, poor vision and photophobia are additional symptoms of LCA. 

The fundus can be normal or has some pigment changes with narrowing in the arterial 

vessels and later optic disc atrophy. A characteristic finding is the so called oculo-digital 

sign where patients repeatedly rub and poke their eyes (Nash et al. 2015). LCA has a 

prevalence of about 1 /33000 to 1/80000 and is believed to account for Ó5% of all IRDs 

(Koenekoop 2004, den Hollander et al. 2008). 

There are two types of LCA: (1) uncomplicated (isolated Leber Congenital Amaurosis ) 

and (2) complicated (with nephron phthisis like SeniorïLoken syndrome or with central 

nervous system abnormalities) according to Foxman (Foxman et al. 1985). Mutations in 

18 genes have been described for LCA to date (see RetNet: 

https://sph.uth.edu/retnet/sum-dis.htm). Patients with LCA due to CEP290 or ICQB1 

mutations should have a renal evaluation and neuropediatric examinations with brain 

MRI scans to exclude or conýrm Senior-Loken or Joubert syndromes. In most patients, 

LCA is an autosomal recessive trait. Only those due to mutations in  IMPDH1, OTX2  

and  CRX  can be inherited as autosomal dominant conditions (Bowne et al. 2006, 

Ragge et al. 2005, Rivolta, Berson & Dryja 2001). 

 

https://sph.uth.edu/retnet/sum-dis.htm
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1.2 Syndromic retinal dystrophies 

IRDs are normally isolated diseases, with only ocular manifestation, however, in about 

20ï30% of patients with RP there is also an associated non-ocular condition (Verbakel 

et al. 2018). The onset of some inherited retinal dystrophy IRDs can be found in 

childhood along with systemic features associated with some syndromes. For example:   

Usher Syndrome 

Usher syndrome is an autosomal recessive disease, that is due to a mutation in one of at 

least 15 genes and causes a progressive retinal degeneration. It is characterized by a rod-

cone dystrophy indistinguishable from retinitis pigmentosa and some degree of hearing 

loss. The prevalence of Usher syndrome in the population is not known exactly, but it 

has been estimated to affect 1:10,000 to 1:20,000 people (see 

https://rarediseases.org/rare-diseases). Ophthalmological symptoms present as poor 

night vision, concentric peripheral visual ýeld loss and visual acuity impairment due to 

RPE-photoreceptorôs atrophy or cystic foveal lesions (Fishman 1995). 

There are 3 forms of Usher syndrome, USH1, USH2 and USH3, depending on the age 

of onset of the sensorineural hearing loss (Smith et al. 1994). Usher syndrome Type1 is 

autosomal recessive, presents with hearing loss at birth and with vestibular dysfunction, 

Additionally, there is a moderate to severe speech abnormality and a retinitis 

pigmentosa normally developing in the second decade of life. It is caused by mutations 

in at least six genes. The most common gene involved is the MYO7A gene, followed by 

CDH23 gene (OMIM # 276900). Usher Syndrome Type 2 is autosomal recessive 

presenting with sensorineural hearing loss from birth without vestibular dysfunction 

(rare), mild to moderate speech abnormality and variable onset retinitis pigmentosa (as 

late as fourth or fifth decade). This type is caused by mutations in one of at least three 

genes, the most common being the USH2A gene (OMIM # 276901). The third type of 

Usher syndrome (3) is an autosomal recessive disorder, with late onset sensorineural 

hearing loss and variable vestibular dysfunction. There is no speech abnormality and 

retinitis pigmentosa develops normally within the second decade of life. It is usually 

caused by the mutations in the CLRN1 gene (OMIM # 276902).  

Types I and 2 are the most common, accounting for over 90% of the cases of Usher 

syndrome. Aò pseudo-Usher syndrome ñhas additionally been described due to an X-

https://rarediseases.org/rare-diseases
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linked recessive mutation in the RPGR gene.  The retinitis pigmentosa presents in men 

in their second decade, can be very variable in women, however with irregular hearing 

loss (Iannaccone 2003).  

Bardet Biedl Syndrome (BBS) 

BardetïBiedl syndrome (BBS) is an extremely rare autosomal recessive disorder that 

was first reported by Bardet in 1920 and Biedl in 1922. Patients suffer from retinal 

dystrophy along with a wide spectrum of clinical systemic primary features: Postaxial 

polydactyly, truncal obesity, renal dysfunction, cognitive problems with learning 

difýculties, and other secondary features: speech disorder, developmental delay, 

behavioral abnormalities, strabismus, cataracts,  brachydactyly/syndactyly, ataxia, 

orodental abnormalities, hepatic involvement, diabetes mellitus, hypertension, 

congenital heart defects and Hirschsprung disease (Forsythe & Beales 2013, Suspitsin & 

Imyanitov 2016). The diagnosis of BBS is usually established by the clinical findings; 

according to the European Guidelines four primary features or three primary features 

plus two secondary features must be present for a diagnosis of BBS (Commission & 

Framework 2014). Non syndromic cases of retinitis pigmentosa by the BBS genes have 

also been reported (DeBenedictis et al. 2020, Estrada-Cuzcano et al. 2012). The ocular 

fundus can be normal in the newborn, mixed cone-rod dystrophy or juvenile retinitis 

pigmentosa in the first decade and progressive retinitis pigmentosa in advanced age. 

Patients can also present with night blindness in the early years of life, loss of peripheral 

vision and impairment visual acuity.  

Over 20 genes responsible for BBS have been identified (https://sph.uth.edu/retnet/sym-

dis.htm). These genes encode proteins involved in the development and the maintenance 

of the primary cilium, the so-called BBSome. The prevalence of BBS varies markedly 

between populations; in northern European this can be around 1:160 000 whereas in 

some Arab countries (Kuwait) 1:13 500, due to a higher level of consanguinity (Farag & 

Teebi 2008, Forsythe & Beales 2013). 

Senior-Loken Syndrome 

Senior-Loken syndrome is an autosomal recessive disorder. Patients display both 

nephronophthisis and a retinal dystrophy (oculorenal syndrome). The incidence is 

https://sph.uth.edu/retnet/sym-dis.htm
https://sph.uth.edu/retnet/sym-dis.htm
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1:100,000 (Otto et al. 2005) with nearly 150 cases described worldwide to date January 

2020 

(https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_al

phabeticallist.pdf) . An affected child can present with congenital blindness or severe 

visual impairment with juvenile nephronophthisis (syndromic type of Leber congenital 

amaurosis). The ocular fundus may show white þakes in the periphery with a salt-and-

pepper appearance, and bone spicule at advanced stage. Mutations have been described 

in 13 genes to date (Ronquillo, Bernstein & Baehr 2012).  

Joubert Syndrome  

Joubert syndrome is a rare autosomal recessive disease affecting the cerebellum. It has 

an incidence of 1/100,000 (Kroes et al. 2008) and  is caused by mutations in one of 

more than 30 genes,  which classify this disorder into subtypes. A ciliopathy plays an 

important role  in  Joubert syndrome (see https://rarediseases.org/rare-diseases). Patients 

present with severe visual impairment, ocular motor abnormalities, often have the 

ómolar toothô sign on MRI and develop nephronophthisis in later childhood. The molar 

tooth sign is a brain abnormality which gives the elongated superior cerebellar 

peduncles of the midbrain an appearance reminiscent of a molar or wisdom tooth. 

Nystagmus, unilateral or bilateral ptosis can be present, retinopathy may be present and 

can occur at a later stage depending on the age at diagnosis (Sattar & Gleeson 2011). 

Treatment for Joubert syndrome is symptomatic and supportive. 

Batten Disease (Juvenile neuronal ceroid lipofuscinosis JNCL) 

The most common neurodegenerative disorders of childhood, it is caused by an 

autosomal recessive genetic mutation leading to a lysosomal storage disease. It presents 

with progressive visual loss. This may be associated with photophobia, color vision 

deýciencies, nyctalopia rotatory nystagmus, and constriction of the visual ýelds. There 

are clinical variant forms of JNCL with similar ocular signs but a different severity of 

the epileptic crises and of the neurological signs. An MRI of the brain can show cortical 

involvement, a cerebellar involvement or hyposignal of the thalamus. JMCL can present 

as non-syndromic retinal degeneration due to CLN3 mutation (Wang et al. 2014). In 

Italy and Germany the incidence rate is 1:67 000,  in Iceland it is 1:14 000, and in the 

https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabeticallist.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabeticallist.pdf
https://rarediseases.org/rare-diseases
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Scandinavian countries the prevalence varies from 1:1,000 000 in some regions to 

1:100 000 (Mole, Williams & Goebel 2012). The ocular fundus may show as normal 

initially, but often macular changes are observed as granular or macula atrophy and 

rarely as bullôs eye maculopathy. The treatment is symptomatic and there is no cure to 

date.  

KearnsïSayre syndrome  

Kearns-Sayre syndrome results from DNA alterations in the mitochondria and normally 

onset is before 20 years of age. It is characterized by bilateral chronic progressive 

external ophthalmoplegia (CPEO) and ptosis with pigmentary retinopathy, which is 

seen in fundoscopy as ñsalt-and-pepper" pigmentation in the retina and can affect vision 

but mostly leaves it intact. It is a neuromuscular disorder presenting as a cardiac 

conduction block or cerebellar ataxia. Other symptoms may include mild skeletal 

muscle weakness, hearing loss, short stature, several endocrine disorders or diabetes 

mellitus, and impaired cognitive function. Skeletal muscle biopsy is characterized 

histologically by ragged red fibers and abnormal mitochondria. Inheritance is usually 

sporadic. Treatment for Kearns-Sayre syndrome is generally symptomatic and 

supportive (see Mitochondrial DNA Deletion Syndromes:  

https://www.ncbi.nlm.nih.gov/books/NBK1203/). 

Cohen syndrome and Alström syndrome 

These two rare syndromes are presented in detail in this in the attached publications 

which describe patients who attended the Eye Hospital in Tübingen for diagnosis and 

treatment. Alström syndrome is a hereditary autosomal recessive disease, caused by 

ALMS1 gene. It was named after Carl-Henry Alström, a Swedish psychiatrist who first 

described the disorder in the literature in 1959 (Alstrom, Hallgren, Nilsson & Basander, 

1959). Numerous tissues are affected: eyes, inner ear, heart, lungs, pancreas, liver, and 

kidneys. Cohen syndrome is also an autosomal recessive disorder, caused by VPS13B 

gene. It is characterized by mental retardation, short stature and diverse physical 

anomalies. 

 

https://www.ncbi.nlm.nih.gov/books/NBK1203/
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It should also be remembered that there are three syndromes associated with a retinal 

degeneration for which at least a partial treatment exists:  

Refsum disease 

A recessively inherited disorder associated with retinitis pigmentosa and elevated serum 

phytanic acid levels cause degenerative nerve disease, failure of muscle coordination, 

and bone and skin changes. It is caused by two genes (PHYH and PEX7) in the adult-

onset form and the genes PEX1 and PEX2 in the infantile- onset form (see 

https://www.ncbi.nlm.nih.gov/books). Refsum disease can be treated with dietary 

reduction in phytanic acid. 

Abetalipoproteinemia disease (BassenïKornzweig syndrome) 

BassenïKornzweig syndrome is a rare autosomal recessive disease that is due to 

mutations in the MTTP gene (Shoulders et al. 1993). Patients suffer from fat 

malabsorption, acanthocytosis, hypocholesterolemia, and a lack of serum 

betalipoproteins. It causes atypical retinitis pigmentosa with problems in muscular 

coordination, and ataxia and can be treated with vitamins A and E. 

Gyrate atrophy  

Gyrate atrophy is characterized by progressive degeneration of the chorioretina, with 

signiýcantly increased levels of plasma ornithine and ataxia with vitamin E deficiency 

(AVED). It is a progressive disease affecting motor control and movement included 

dysarthria, peripheral neuropathy and retinitis pigmentosa (Henderson 2020) caused by 

an autosomal recessive mutation.  In many patients the disease progression can be 

slowed down by a diet low on arginine (low protein diet) and sometimes with 

supplementation of vitamin B6. 

 

1.3 Purpose of this thesis 

The aim of this thesis is to present a detailed assessment of the phenotypes and 

genotypes of rare retinal dystrophies with systemic associations (syndromes). 

Additionally, an in-depth analysis and discussion of two ultra-rare syndromes, Cohen 

syndrome and Alström syndrome is given. Precise knowledge of genotypes and related 

https://www.ncbi.nlm.nih.gov/books
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phenotypes is important in such rare diseases to allow for correct diagnosis by targeted 

laboratory and clinical diagnostic procedures. Correct diagnosis of rare hereditary 

retinal diseases early in life of affected patients also supports the effective use of future 

therapies that are arriving already in a multitude of clinical trials presently going on in 

ophthalmology, using gene replacement therapy, CRISPR/Cas9 methods, stem cells and 

optogenetics. 
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2. Results and Discussion 

2.1 Ophthalmic features of cone-rod dystrophy caused by pathogenic 

variants in the ALMS1 gene  

Authors:  Nasser F, Weisschuh N, Maffei P, Milan G, Heller C, Zrenner E, Kohl S, 

Kuehlewein L.  

Published in Acta Ophthalmologica 2019 Nov 30/ doi: 10.1111/aos.13612. 
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Ophthalmic features of cone-rod dystrophy caused
by pathogenic variants in the ALM S1 gene
Fadi Nasser,1 Nicole Weisschuh,2 Pietro M affei,3 Gabriella M ilan,3 Corina Heller,4

Eberhart Zrenner,1,5 Susanne K ohl2 and Laura K uehlewein1

1Institute for Ophthalmic Research, Centre for Ophthalmology, Eberhard K arls University, Tuebingen, Germany
2M olecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology, Eberhard K arls University,

Tuebingen, Germany
3Department of M edicine (DIM ED), University of Padua, Padua, I taly
4CeGaT GmbH and Praxis fuer Humangenetik Tuebingen, Tuebingen, Germany
5Werner Reichardt Centre for Integrative Neuroscience (CIN), Tuebingen, Germany

ABSTRACT.

Purpose: We aim to describe ophthalmic characteristics and systemicýndingsin

a cohort of seven patients with cone-rod retinal dystrophy (CORD) caused by

pathogenic variants in the ALM S1 gene.

M ethods: Seven patients with Alstrúom syndrome (ALM S) were included in the

study. A comprehensive ophthalmological examination was performed, including

best-corrected visual acuity (BCVA), a semiautomated kinetic visual ýeldexam,

colour vision testing, full-ýeld electroretinography testing according to Interna-

tional Society for Clinical Electrophysiology of Vision (ISCEV) standards,

spectral domain optical coherence tomography (SD-OCT) and fundusautoþu-

orescence (FAF) imaging, and slit lamp and dilated fundus examination. DNA

samples were analysed using Sanger sequencing or exome sequencing.

Results: In our cohort, the ocular phenotype presented with a wide variabil ity in

retinal function and disease severity. However, age of symptom onset (i.e.

nystagmus and photophobia) was at 6ï9 months in all patients. These symptoms

mostly mislead to the diagnosis of congenital achromatopsia (ACHM ), Leber

congenital amaurosis (LCA), isolated CORD or BardetïBiedl syndrome. The

systemic manifestations in our cohort were highly variable.

Conclusion: In summary, we can report that most of our ALM S patients

primarily presented with nystagmus and severe photophobia since early

childhood interest ingly without night blindness in the absence of systemic

symptoms. Only genetic testing analysing both nonsyndromic retinal disease

(RD) genes and syndromic ciliopathy genes by comprehensive panel sequencing

can result in the correct diagnosis, genetically and clinical ly, with important

implication for the physical health of the individual.
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Introduction
Alstrúom syndrome (ALM S, OM IM #

203800) is classically described as a

rare, multisystemic hereditary disorder

that is characterized by a progressive

loss of vision due to CORD leading to

juvenile blindness, sensorineural hear-

ing loss, obesity, insulin resistance with

hyperinsulinemia and type 2 diabetes

mellitus (M arshall et al. 2007a) ALM S

patients exhibit signs and symptoms

similar to those of BardetïBiedl and

LaurenceïM oon syndrome, all of

which are considered ciliopathies (Alif-

eris et al. 2012; Alstrom et al. 1959,

Russell-Eggitt et al. 1998). Additional

disease phenotypes that may severely

affect prognosis and survival include

dilated cardiomyopathy, pulmonary

ýbrosisand restrictive lung disease,

and progressive hepatic and renal fail-

ure (M arshall et al. 2007a). Other

clinical features in some patients

include hypertension, hypothyroidism,

hyperlipidemia, hypogonadism, uro-

logical abnormalities, adult short sta-

ture, bone-skeletal disturbances and

acanthosis nigricans (M arshall et al.

1993). M ost patients demonstrate nor-

mal intelligence, though some reports

indicate delayed psychomotor and

intellectual development (M arshall

et al. 2007a). The lifespan of patients

with ALM S rarely exceeds 40 years

(M arshall et al. 2007a). The prevalence

estimate is less than one in a million

people globally (Van Groenendael

et al. 2015). There is no speciýcther-

apy for ALM S, but early diagnosis and

intervention can moderate the progres-

sion of some of the disease phenotypes

and improve the longevity and quality

of life for the patients (Van Groenen-

dael et al. 2015).

Alstrúom syndrome (ALM S) is

inherited in an autosomal recessive
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